Abstract: Biohybrids consisting of gelatin (G) and calcium phosphate silicate/wollastonite (CPS/W) have not been prepared so far. In this work our results are focused on the possibility of obtaining G-CPS/W bioactive hybrids in vitro. XRD, FTIR, SEM/EDS techniques were employed to characterize the synthesized hybrid materials. FTIR shows that before immersion in 1.5 SBF the "red shift" of COO -band for pure G is observed. The presence of this bond could be attributed to the formation of COO-Ca 2+ via non-biomimetic route. After immersion in 1.5 SBF, FTIR shows the presence of A-and B-type carbonate containing hydroxyapatite (A/B-CO 3 HA) . ESD and FTIR show that small amount of calcite (CaCO 3 ) are present after in vitro test in 1.5 SBF for 3 days. XRD reveals that CO 3 HA and small amounts of CaCO 3 can be detected after in vitro test. SEM results obtained for immersed samples show that hydroxyapatite (HA) particles fully covered the surface of the hybrids by a layer composed of spherulites. At higher magnification, very small elongated crystallites could be observed. Sp. z o.o. 
Introduction
The development of organic/inorganic hybrid materials similar to those produced by nature has received considerable attention for bioapplications. The organic component of the biomaterial imparts toughness and also serves as a template for nucleation of the inorganic phase. For example, during bone formation collagen serves as the organic matrix [1] and provides nucleation sites for the precipitation of carbonate containing hydroxyapatite (CO 3 HA). CO 3 HA accounts for 65% of total bone mass with the remaining being organic collagen and water [2] . From a general point of view, bone-bonding implants are produced by the application of hydroxyapatite (HA) ceramics in the form of either bulk or coating with (or without) biodegradable polymers [3, 4] . CO 3 HA has been used as a bioactive inorganic component of the hybrids, because of its chemical and biological similarity to the mineral phase of bone [5] . Deposition of CO 3 HA on different polymer substrates has been extensively investigated not only for understanding the fundamental biomineralization mechanism , but also the design and development of different novel materials for medical applications [6, 7] . Kim et al. [8] described that the collagen base gelatin has a high degree of biological functional groups. They also investigated the formation of gelatin /HA nanocomposites via biomimetic pathway by freeze-drying for use as scaffolds in hard tissue engineering. M. Chang et al. also prepared gelatin/HA nanocomposites using the biomimetic process [9] . They concluded that the chemical bonding between Ca 2+ and COO -from gelatin induced a "red shift" of the 1399 cm -1 band of gelatin in FTIR analysis. Their experimental results are in a good agreement with [10] [11] [12] [13] [14] [15] . In two other papers Chang et al. prepared HA/gelatin composites with polyvinylalcohol (PVA) [14] and Ethyleneglycolglycidylether (EGDE) [15] . They established that PVA modified the gelatin phase without alteration of the HA phase [14] and that EGDE reacts with gelatin of HA/gelatin composite slurries. Similarly, Teng et al. [16] prepared a series of HA/gelatin/alginate nanocomposites via co-precipitation method. They found that alginate promoted the preferential alignment of HA nucleated nanocrystals in c direction. Sundaram et al. investigated the preparation of gelatin starch blend reinforced with HA nanocrystals. In their study, porous scaffolds of gelatin-starch-HA composites were fabricated via microwave vacuum drying and crosslinking with trisodium citrate. In the same article it is referred that the carbonyl, C=O and amino groups play a crucial role in HA formation on the gelatin matrix. Chen et al. [17] described a novel process for preparing gelatin coated HA nanorods. They concluded that the reaction temperature, pH, amount of gelatin and Ca/P molar ratio determine the stability of HA in aqueous solution. They also found that the gelatin coated HA sediment was easily dispersed in water and forms HA suspension, which was stable for more than 24 h. Sintered porous bioceramics reinforced by coating gelatin has been investigated by Liu et al. [18] . The porous ceramics were immersed into 5% gelatin solution, followed by vacuum infiltration. The authors showed that the gelatin coatings on the intersurface of pores effectively reinforced porous tricalcium phosphate (TCP) and HA bioceramics. Touny et al. [19] produced gelatin/calcium deficient hydroxyapatite (CDHA) composite cross-linked with glytaraldehyde (GA). The authors showed that cross-linked gelatin acts as a nucleating agent for CDHA formation. Panzavolta et al. [20] studied porous scaffolds between gelatin and partially hydrolyzed α-TCP. Their results indicate that due to the presence of gelatin, a partial hydrolysis of α-TCP into octacalcium phosphate (OCP) occurs during the foaming process. They concluded that the scaffolds obtained contain both α-TCP and OCP in relative amounts of about 74% and 26%, respectively. They also showed the stabilization of the synthesized scaffolds in the presence of genipine, which may be acting as a cross-linking agent. The growth of OCP inside gelatin xerogel was also investigated by Falini et al. [21] via diffusion of solutions of Ca(CH 3 COO) 2 and K 2 HPO 4 into the gelatin films. They showed that gelatin acts as an interesting medium to induce template nucleation of OCP. Using XRD, they also observed that {100} faces of OCP crystals interact with the gelatin layers by setting the c axis parallel to the molecular chains. Shu et al. [13] studied the effect of gelatin on the nucleation and growth of CO 3 HA crystals of the sintered body. They produced CO 3 3 FHA substitution. The incorporation of F -into HA/ gelatin nanocomposite was also investigated by Chang [12] . It has been established that the incorporation of F -into HA/gelatin composite greatly induced stable phase formation and crystal development of fluorapatite phase.
In our previous study, we showed that calcium phosphate silicate/wollastonite (CPS/W) ceramic can be synthesized by sol-gel technique [23] . We also showed that the obtained CPS/W ceramic is bioactive in vitro. By mixing of the prepared ceramic with acid diluted collagen, we reported the formation of apatite layer after immersion of the obtained hybrids in 1.5 SBF for 3 days [24] .
In the presented work our results are focused on the possibility to obtain organic/inorganic hybrid materials between gelatin (G) and calcium phosphate silicate/ wollastonite (CPS/W) ceramic via non-biomimetic technique without cross-linkers with different quantities for two parts of the hybrids and to evaluate their in vitro bioactivity in 1.5 SBF for 3 days.
Experimental Procedure

Preparation of the G-CPS/W hybrid materials
The CPS/W was synthesized by polystep sol-gel method as described in [23] . The G-CPS/W hybrids for 75:25 and 25:75 wt.% were prepared by adding the inorganic phase ceramic powder to the gelatin (Fluka). Gelatin was taken in amounts corresponding to the hybrid content and dissolved in 30 mL hot (40°C) distilled water for 30 min. After homogenization time, the finely powdered CPS/W was added at the required amounts to the dissolved gelatin under continuous intensive stirring.
The stirring time was for 3 h. pH was adjusted to 8 using 25% NH 4 OH. A volume of 0.5 mL 0.01% sodium azide solution was added to the mixed xerogel to prevent bacterial growth [21] . The synthesized hybrid materials were dried in air at 37°C for 12 h. 2 •2H 2 O=0,5520 g, Na 2 SO 4 =0.1065 g, and buffering at pH 7.4 at 36.5°C with TRIS=9.0075 g and 1M HCl in distilled water. The obtained G-CPS hybrids were pressed at 50 MPa with PVA to obtain disc specimens (12 mm diameter and 2 mm thick) and immersed in 1.5 SBF at the human body temperature (36.6°C) in polyethylene bottles in static conditions for 3 days. After soaking, the specimens were removed from the fluid and gently rinsed with distillated water, and then dried at 36.6°C for 12 h [25] .
Methods
The structure and in vitro bioactivity of G-CPS/W hybrids were monitored by X-ray diffraction (XRD) analysis, Fourier-transform infrared (FTIR) spectroscopy and Scanning Electron Microscopy with X-ray microanalysis (SEM/EDS).
Powder X-ray diffraction spectra were collected within the range from 10 o to 80 o 2θ with a constant step 0.04 o 2θ and counting time 1s/step on a Bruker D8 Advance diffractometer with CuK α radiation and SolX detector. The spectra were evaluated with the Diffracplus EVA package. FTIR transmission spectra for the obtained hybrids were recorded by using a Bruker Tensor 27 spectrometer with scanner velocity 10KHz. KBr pellets were prepared by mixing ~1 mg of the samples with 300 mg KBr. Transmission spectra were recorded using MCT detector, with 64 scans and 1 cm -1 resolution. SEM (Jeol, JSM-35 CF, Japan) in conijunction with EDS was used to ascertain the morphology and chemical constituents of the prepared hybrids after immersion in 1.5 SBF for 3 days at accelerating voltage of 15 kV.
Results and Discussion
FTIR of the prepared G-CPS/W hybrids
before in vitro test in 1.5 SBF Fig. 1 shows the FTIR spectra between 4000-400 cm and 988 cm -1 . These peaks can be assigned to the presence of CPS/W in the prepared hybrids according to [23] . The absorption bands at 1019 (1085) cm -1 and 1085 (1063) cm -1 can be assigned to the vibration of the ν as Si-O-Si bond [27] . On the other hand, the ν 4 PO 4 3-was indentified by the presence of some peaks at 518 (521) cm -1 and 647 cm -1 [28] [29] [30] [31] . For the sample G-CPS/W 25:75 wt.% (curve b) we can also observe the presence of one peak, centered at 456 cm -1 , which could be ascribed to ν 2 PO 4 3- [28, 31] . As can be seen only one peak, centered at 943 cm -1 was detected. This peak can be related to the presence of SiO 4 4-in the CPS/W, as a inorganic part of the hybrids [23] . The peaks, centered at 424, 458, 566 and 717 (714) cm -1 could be ascribed to the presence of wollastonite and pseudowollastonite [32] . Dong et al. in the wollastonite structure [32] . From literature data, in the pure gelatin and collagen the amide I peak, centered at 1673 cm -1 predominantly corresponds to the C=O stretch vibration [33, 34] . The amide II positioned at 1510-1550 cm -1 , corresponds to a combination of N-H in plane bend and the CH stretch vibrations [35] . For the amide III band there is a band assigned at 1251 cm -1 [33, 34] . These bands are visible in the spectrum of synthesized hybrids (Fig. 2) . One additional band in the spectrum of pure gelatin (Fig. 1) , visible at 1340 cm -1 can be described to the presence of COOH [9] . In the presented spectra, there are two distinct changes when the spectrum of pure gelatin (Fig. 1) and G-CPS/W hybrids with different weight ratio of G and CPS/W (Fig. 2) were compared. As can be seen the amide I peak observed at 1673 cm -1 for pure gelatin (Fig. 1) undergoes the "red shift" to 1637 cm -1 and 1635 cm -1 . On the basis of these resuts we can assume that the "red shift" of amide I peak could be ascribed to the formation of new chelate bonds between Ca 2+ (from the partially dissolved ceramic powder) and C=O bond from the peptide chain. X. Yang et al. [36] concluded that the carbonyl groups on the surface of peptide are binding sites for Ca 2+ . As reported by Zhang et al. [25] C=O has non-bonding free electrons and it is therefore possible for carbonyl oxygen to chelate some metal ions with empty electron orbits. As can be seen from the depicted FTIR spectra (Fig. 2) absorption bands are present centered at 1335 and 1338 cm -1 for the two hybrids. The presence of these bands could be assigned to the formation of COO-Ca 2+ bond. As can be seen the assymetric stretching vibration of the mentioned above carboxylate anions (COO -), observed for pure gelatin (Fig. 1 ) and collagen at 1340 cm -1 , shifted to lower wavenumber in the case of the obtained hybrids (Fig. 2) . The observed amount of "red shift" is not influenced by the concentration of G and CPS/W in the hybrids, produced by non-biomimetic route.
FTIR of the synthesized G-CPS/W hybrids
after in vitro test in 1.5 SBF Fig. 3 presents the FTIR spectra of the obtained G-CPS/W hybrids in different weight ratio between the G and CPS/W as components of the synthesized materials.
The absorption band assigned to the hydroxyl group and hydrogen bond is observed at 3200-3500 cm -1 , which is consistent with that observed by Choi et al. [37] . In the case of the synthesized hybrids in this work, the intensity of the peaks, centered at 3388 (3398) cm -1 is sharply weakened, because the HA crystals may grow on the G-CPS/W matrix. These peaks for the hybrids have lower intensity before immersion (Fig. 2, curves a and  b) . Wan et al. [38] proposed that the presence of these peaks may indicate that the surface of the immersed samples are not fully covered with HA crystals. The peaks at 1090 cm -1 and 1040 cm -1 are assigned to the ν 3 stretching of PO 4 3-, and the peaks centered at 962 cm -1 and 470 (476) cm -1 are assigned to ν 1 stretching and ν 2 bending modes of PO 4 3-, respectively. There are two well separated peaks at 604 (610) cm -1 and 563 (571) cm -1 , both assigned to the ν 4 mode of PO 4 3- . The large separation of these two peaks is another indicator of the presence of a highly crystallized apatite phase, as described in [31] . For two G-CPS/W samples the infrared absorption bands of ν 2 CO 3 2-were found at 873 (875) cm -1 [22, 39] , ν 3 CO 3 2-at 1457 (1476) cm -1 [22] and weak bands, centered at ~690 cm -1 , which correspond to the B-type carbonate substitution (CO 3 2-→PO 4 3-) in the HA lattice [9, 22, [39] [40] [41] . In the sample G-CPS/W with 75:25 wt.%, FTIR (Fig. 3, curve a) displays a band, centered at 1547 cm -1 , which can be attributed to the presence of A-type carbonate substitution (CO 3 2-→OH -). This result is in good agreement with the results of other authors [22, 39] . From the obtained FTIR results we can conclude that the HA crystals are partially (Aand B-type) carbonate substituted. This is explained because CO 3 2-can be incorporated into apatites from the atmosphere [1, 25, 42] . PO 4 3-required for formation of apatite layer are only supplied from the surrounding SBF in accordance with [43] [44] [45] . Similar CO 3 HA formation has been observed by various research groups [31, 46] . In our case, the inclusion of CO 3 2-is considered to produce an apatite more similar to that found in natural bone in terms of composition and structure [47] .
The most important future in the obtained results is the relation between FTIR and EDS for the prepared Transmittance Wavenumber, cm [48, 49] . In our case, the absorption band, centered at 1412 cm -1 (Fig. 3, curves a and b) can be ascribed to the presence of small amounts of calcite in the two samples after the in vitro test in 1.5 SBF for 3 days. The obtained results are comparable to those reported by other researchers such as Grondahl et al. [50] , who observed the presence of calcite on a PTFE membrane after immersion in SBF for different periods of time.
The XRD results obtained for the immersed samples in 1.5 SBF are presented in Figs. 4 and 5 .
From the presented XRD data it can be seen that the CO 3 HA (PDF 4-0697) and small amount of CaCO 3 (PDF 86-2340) [51] are formed on the samples after in vitro test for bioactivity in 1.5 SBF for 3 days. On the other hand, in the presented X-ray diffraction data, we also observed the presence of Ca 15 (PO 4 ) 2 (SiO 4 ) 6 (PDF 50-0905), wollastonite (PDF 84-0655) and pseudowollastonite (PDF 74-0874).
SEM of the obtained hybrids before and after immersion in 1.5 SBF for 3 days
SEM of the prepared samples before immersion in 1.5 SBF are presented in Fig. 6 and Fig 7. From the depicted SEM images we can see, that when the quantity of CPS/W in the prepared hybrids increased (Fig. 6) , the particles are agglomerated and embedded into gelatin matrix [15] . SEM image also shows the presence of hollow zones, as described in [16] . SEM pictures of the prepared sample with high gelatin content (Fig. 7) shows a relatively dense microstructure like the HA/gelatin nanocomposites, observed in [52] . Fig. 8 and Fig. 9 depict the SEM-images of the immersed samples in 1.5 SBF for 3 days. The morphology of the two hybrid materials after in vitro test in 1.5 SBF for 3 days (Fig. 8 and Fig. 9 ) shows a relatively dense microstructure. A similar morphology has been observed by other authors [52, 53] . The presented SEM images, at high magnification values, show the presence of concentrated spherical particles (from 2.5 to 3.0 μm for two hybrids) with bright color and some pores denoting formation and nucleation of an apatite layer. The presented SEM images also show that HA particles are connected to each other in the hybrid.
Conclusions
From the present study of synthesis and in vitro bioactivity of G-CPS/W hybrids, the following conclusions can be drawn:
This article shows that the hybrid materials between
• gelatin, as the organic part, and CPS/W, as the inorganic part, can be obtained through the soft chemical route: dissolved in hot water, gelatin was mixed with finely powdered CPS/W ceramic sample and then dried at 37°C for 12h.
FTIR results confirm that the "red shift" of COO
• -in the prepared hybrids could be assigned to the formation of COO -Ca 2+ bond via non-biomimetic route. On the immersed samples FTIR detect the presence of the band, centered at 1412 cm -1 which could be assigned to the presence of CaCO 3 in accordance with high Ca/P atomic ratio (2.2 and 2.5) proved by EDS. According to XRD analysis CO • spherical particles and some pores denoting formation and nucleation of an apatite layer on the samples after immersion test for in vitro bioactivity.
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